The synthesis of a 2 3 P-substituted phosphorane involving direct substitution of a Ph2P group at / 5 P by the reaction of a chlorophosphorane with Ph2PSiMe3 is described; the identity of this novel compound is established by NMR and mass spectroscopy, and by a single crystal X-ray diffraction study.
The introduction of heteroatom-containing substituents at five-coordinate phosphorus in fluorophosphoranes has attracted considerable interest. The preferred approach towards this goal is the cleavage of the element-silicon bond of the appropriate element-trimethylsilyl derivative with fluorophosphoranes producing the substituted fluorophosphorane and trimethylfluorosilane [1] . An early attempt at the preparation of a A 5 P>l 3 P-diphosphorus compound by the reaction of XPF4 (X = Ph, Et2N) with Ph2PSiMe3 was, however, unsuccessful, due to a facile reductive defluorination of the fluorophosphorane [2] . In the meantime, Roesky and his coworkers have reported the formation of several A 3 P/l 5 P-spirophosphoranes, based on the reaction of certain unsymmetrically substituted N.N'-diorgano-N.N'-bis(trimethylsilyl)ureas with selected dichlorophosphines, RPC12 [3, 4] . Also, some such compounds have been obtained by the controlled oxidative addition, e.g. of tetrachloro-obenzoquinone, to / 3 P/ 3 P-diphosphorus compounds [5] [6] [7] ,
We have now accomplished the first synthesis of a / 5 P/ 3 P-diphosphorus compound, 3 by direct introduction of a Ph2P group at five-coordinate phosphorus via reaction of a monochlorophosphorane 1 with Ph2PSiMe3, 2. Due to the incorporation of 2 5 P into the spiro ring system its reduction to a A 3 P species, such as observed for the reaction of 2 with (acyclic) fluorophosphoranes [2] , is blocked. The chlorophosphorane precursor, 1 is available through reaction of the trichlorophosphorane, 0=C(NMe)2PCl3 [8] with either N.N'-dimethyl urea [9a,b] or its N.N'-bis(trimethylsilyl) derivative [10] . The mixed valence diphosphorus compound, 3 was readily obtained as a crystalline solid in up to 50% yield upon heating equimolar amounts of 1 and trimethylsilyldiphenylphosphine, 2 [11] in toluene as a solvent. The initial characterization of 3 was by elemental analysis, by NMR spectroscopy [12] , and by mass spectrometry [13] .
The identity of the novel /. 5 P/ 3 P-diphosphorus compound, 3 which is the first compound of this type containing X 3 V outside a ring system, was established, ultimately, by a single crystal X-ray diffraction study. The geometry at the penta-coordinate phosphorus atom in 3 is strongly distorted trigonal-bipyramidal (Nax-P-Nax 163.9(1); Neq-P-Neq 126.9°; ax, eq = axial, equatorial). The Ph2P moiety is oriented such that the lone pair at P(l) is between N(l) and N(4) (torsional angles C(ll)-P(l)-P(2)-N(4) 71°; C(21)-P(l)-P(2)-N(4) -179°; thus: lone pair-P(l)-P(2)-N(4)-54°). The A 3 P2 5 P bond is of very nearly the same length (2.214(1)1) as in numerous other symmetrical and unsymmetrical diphosphorus compounds. The bond angles at A 3 P (average 103.7°) are not much different from those in Ph3P [14] (102.1(2)-103.6(2)°). Therefore, strong (d-p)jT interaction between the lone pair at P(l) and vacant d-orbitals at P(2) appears unlikely. The four-membered rings at P(2) are nearly but not completely planar (maximum deviation from the best planes, 0.03 and 0.02 Ä, respectively). The P-Nax bonds (1.790, 1.803(2) Ä) are significantly longer (0.057 Ä) than in a related spiro compound, 0=C(NMe)2P(Cl)(NPh)2C=0 [15] whereas the P-Neq bonds are only 0.013 Ä longer. This bond lengthening is in accord with expectation, due to the lower electronegativity of the Ph2P group, compared to Cl.
C(ll)-P(l) P(2)-P(l) C(16)-C(ll) C(14)-C(13) C(16)-C(15) C(26)-C(21) C(24)-C(23) C(26)-C(25) N(2)-P(2) N(4)-P(2) C(2)-N(l) N(2)-C(2) C(4)-N(3) 0(2)-C(5) C(6)-N(4) H(12)-C(12) H(14)-C(14) H(16)-C(16) H(23)-C(23) H(25)-C(25) H(ll)-C(l) H(13)-C(l) H(32)-C(3) H(41)-C(4) H(43)-C(4) H(62)-C(6)

C(21)-P(l) C(12)-C(l 1) C(13)-C(12) C(15)-C(14) C(22)-C(21) C(23)-C(22) C(25)-C(24) N(l)-P(2) N(3)-P(2) C(l)-N(l) 0(1)-C(2) C(3)-N(2) C(5)-N(3) N(4)-C(5) H(13)-C(13) H(15)-C(15) H(22)-C(22) H(24)-C(24) H(26)-C(26) H(12)-C(l) H(31)-C(3) H(33)-C(3) H(42)-C(4) H(61)-C(6) H(63)-C(6)
Experimental
The reaction of 1 with 2 was conducted, with exclusion of air and moisture, in a three-necked flask, fitted with a thermometer, a nitrogen inlet, and a reflux condenser, topped by a drying tube.
A mixture of 1 (6 g; 25 mmol) with 2 (7 g; 27 mmol) in 5 ml of abs. toluene was gently heated until 1 was completely dissolved (ca. 2 min). Upon further heating reflux of trimethylchlorosilane was seen to commence, indicating the progress of the substitution reaction. After 5 min trimethylchlorosilane was removed under reduced pressure while the temperature of the reaction mixture was held at 100 °C for a further 5 min. In a countercurrent of nitrogen 10 ml of toluene was added to the hot reaction mixture which was then allowed to cool to room temperature (2 h). After a further period of 1 h formation of large crystals of 3 was observed on the wall of the flask, and the supernatant liquid was removed by means of a hypodermic syringe. Extended contact of the crystals with the liquid is to be avoided since precipitation of Ph2PPPh2 may occur. The product was recrystallized from toluene (20 ml; 80 °C). Yield of 3, 4.7 g (48%). This work was assisted by gifts of chemicals from BASF AG, Ludwigshafen, and Bayer AG, Leverkusen, Germany. Support through Fonds der Chemischen Industrie and Deutsche Forschungsgemeinschaft (D. Sch.) is also gratefully acknowledged.
